Reference value standards and primary standards for pH measurements in organic solvents and water + organic solvent mixtures of moderate to high permittivities Following the recent report on the criteria for standardization of pH measurements in aqueous organic solvent mixtures [Pure Appi. Chem. 57, 865-876 (1985) 1, the present report concerns the re-examination of reference value standards (pHRVS) and primary standards (pHg) determined prior to 1985, the aggregation of new standards freshly determined in the light of IUPAC rules and procedures, and the compilation of recommended data. The PHRVS data (the RVS material is the 0.05 m potassium hydrogenphthalate buffer) now available cover the following solvents and/or their mixtures with water: methanol, ethanol, 2-propanol, l,4-dioxane, acetonitrile, dimethylsulphoxide, and heavy water (D20); the various P8S now available cover methanol, ethanol, dimethylsulphoxide and D20. In terms of the above rules, the pH of the buffer solution of potassium hydrogenphthalate (KE-IPh) of molality 0.05 mol/kg is recognized as the reference value standard in the given (single or mixed) solvent a and at the given temperature. The procedure for the determination of pHRVS requires measuring the electromotive force (e.m.f.) E of the reversible cell:
INTRODUCTION
Electrode reversible RVS buffer (m5) + KX (taX) Electrode reversible (1) to H in solvent a in solvent a to X in solvent a which for most aquo-organic mixed solvents (and also for several 100%-pure nonaqueous solvents) a takes the simpler and familiar form:
Pt(H2 (101325 Pa) KI-IPh (m5) + KC1 (mci) jAgC1 AgPt (2) where m5 is fixed (0.05 moi/kg) and is varied.
From the e.m.f. expression:
where E°is the standard e .m. f. of cell (2) , k = (ml0)RT/F, and the subscript ions are hencforth indicated without charge to simplify printing, it is clear that:
(i) knowledge of accurate E°values is essential; and
(ii) an extrathermodynamic assumption, i.e. a Debye-HUckel equation of the type:
is necessary to compute the single-Cl-ion activity coefficient in order to obtain the non-thermodynamic quantity pH from the thermodynamic quantity p (aHyCl).
The equation (4), where I is the total ionic strength of the mixed electrolyte KHPh+KC1, introduces two further features:
Standards for pH in organic and aqueous organic media 1551 (iii) one can write I = -+ mi , where -is the ionic strength of KI-IPh alone, but depending on the ionisation constants of the o-phthalic acid H2Ph : this implies iterative calculations procedures, whose steps have been described earlier (ref. 1) , to obtain Is , I and ultimately 1Cl and (iv) the ion-size parameter a0 is assigned a value fixed by the Bates-Guggenheim convention extended to the general solvent s (refs . 1 , 2):
where 5B is the classical Debye-Huckel constant of eq. (4) The equations (3) to (5) PtfH2 (101325 Pa)IHC1 (m) in solvent sAgClAg(Pt (6) Thus, the interconnection of problems emphasized by the above points (i) to (v) for different solvents s can be summarized by the scheme in Figure 1 , which is the basic scheme of the present report. Of course, this scheme is valid for both and pI-J determinations.
The IUPAC document mentioned above (ref. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] : in the case of ethanol/water and dimethylsulphoxide/water mixtures, the temperature range extends to include also a subzero strip.
The domain of ethanol/water mixtures has required special attention for various reasons.
Firstly, till recently, data were unavailable, and they have consequently been freshly 
FOR '1RVS
at various x 
PRESENTATION OF DATA AND DISCUSSION
Standards for pH in organic and aqueous organic media (4) properly separated from the hydrogen electrode compartment but rather in contact withthe solution saturated by the hydrogen gas bubbling through, raises serious doubts about the reliability of the measured e.m.f. values, and errors greater than 0.1 in pH must be expected.
Therefore, these data have not been accepted for insertion in Table 3 .
Looking over the buffers quoted in this in alphabetical order from a to q , respectively, in Table 3 .
Vhen stocks of or pHs buffer solutions in alcohols, glycols and glycerols (and in their mixtures with water) have been prepared for long-duration service or conservation, it is recomrnended to store them at freezer temperatures (s -15°C) to prevent any undesired esterification.
As for the reference value standards in Table 1 Pt Ag AgC1 HC1 (m) I Quinhydrone Pt (8) The values found are collected in Table 4 ). The two sets of pHRVS values have thus been unified by the multilinear regression method, and the final values are quoted in the Table 1 .
For the user's convenience, in Table 4 are found the refined values for cell (2) , as resulting from the nxiltilinear regress ion procedure mentioned above, which were used for the revision of the pH and pHs values (according to the scheme in Figure 1) Pt D2 (101325 Pa) KDPh (m5) + KC1 (m), in D20AgCl Ag Pt (9) analogously to cell (2), and eq. (3) is applicable with pH obviously replaced by pD. Their procedure is, however, quite different from that endorsed by IUPAC in that it requires working with various molalities of the KDPh buffer and the ion-size parameter is fixed as a0 = 0.41 non throughout. They have also in parallel carried out an accurate determination of the standard e.m. f. of the cell (9) for insertion into eq. (3), from e .m. f. measurements of the reversible cell:
PtjD2 (101325 Pa)DCl (m), inD2OAgClJAgPt (10) using the same electrodes as in cell (9 The situation is now better in the case of where, however, acquisition of fresh data for higher alcohols, glycols, amides and the respective mixtures with water is highly desirable and overdue. Accumulation of such important data is awaited.
